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ABSTRACT 
An isomerization pilot plant was built to be 
used for kinetic studies by undergraduate Chemical 
Engineers. The plant was designed to operate at con-
ditions up to 850 8 F and 750 pounds per square inch, 
gauge. Ten runs were performed using n-Hexane feed 
at temperatures between 500 and 700 °F, and the prod-
uct was analyzed with a gas chromatograph. Equilib-
rium conversion was approached on several runs. The 
complete unit and individual pieces of equipment were 
discussed, and a set of operating instructions was 
written. 
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I, THE PURPOSE OF THE PILOT PLANT 
Thia pilot plant was constructed so that kinetic 
and operational studies could be made of catalytic reac-
tion systems operating at high temperatures and high 
pressures. The plant was specifically designed for the 
isomerization reaction of n-hexane. 
2 
,, 
' 1 
' \ 
II. ISOMERIZATION REACTION 
Isomerization is the change of straight chain 
hydrocarbons into branched chain molecules. This 
branching increases the octane number of the feed stock; 
a result that is very desirable in the gasoline indus-
try. The old isomerization catalysts were composed 
of mucky mixtures of alumina and activating agents. 
Because these catalysts were difficult to handle, the 
isomerization reaction was little used in industry. 
Recently, new interest has been sparked in the isom-
erization reaction with the development of the dry 
molecular sieve catalysts. Linde, the developer of 
the molecular sieve, has installed several commercial 
isomerization units and looks to a rapid growth in 
the use of this reaction. 
Common isomerization feed stocks are n-hexane 
and n-pentane. The products consist primarily of 
iso-hexanes and iso-pentanes. Isomerization cat-
alysts are activ~ only when in an atmosphere of hydro-
gen. It is fel"t that one step in the reaction involv-
es a hydrogen ion. The ieomerization reaction was 
chosen for this project because it meets the require-
ments placed on this system: (1) The reaction operates 
at relatively high temperatures and pressures, 600 °F 
and 400 pounds per square inch, gauge; (2) The reac-
tion is only slightly exothermic, -1.66 Kilocalories 
per gram-mole of n-hexane converted; and (3) The pro-
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duct is easily analyzed using a standard gas chromato-
graph, 
The maximum conversion, using Linde's SK-120 
isomerization catalyst, occurs at 626 °F. At this 
temperature, the experimental equilibrium distribution 
is as follows: 1 
n-hexane 
3-methylpentane 
2-methylpentane 
2,3-dimethylbutane 
2,2-dimethylbutane 
20,3% 
21,5% 
32.8% 
8,8% 
16,7% 
The SK-120 catalyst gives conversions within 95 per 
cent of the equilibrium conversions. 2 
Several phsical properties of n-hexane are listed 
below: 
Molecular weight of n-hexane 
Specific gravity of n-hexane 
Normal boiling point of n-hexane 
Vapor pressure of n-hexane at 60 °F 
4 
86,17 
0.659 
68 °c 
100 mm. 
of Hg. 
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III. CAPABILITim OF THE SYSTEM 
The system operates over a range of pressures 
extending from atmospheric to 750 pounds per square 
inch, gauge. The reaction tube can be maintained at 
temperatures between ambient and 850 °F. A steady 
flow of hydrogen or nitrogen can be passed through 
the system at any pressure within the operating range. 
The metered gas flow rates va-ry from one to fifty 
standard cubic feet per hour. Liquid feed is pumped 
into the system at flow rates between zero and 320 
milliliters per hour. The product is collected se-
quentially at cooling water temperature and then at 
dry-ice temperatures • 
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IV. DESCRIPTION OF THE EQUIPMENT 
A flow diagram of the pilot plant is presented 
in Figure l. The heart of the unit consists of a tub-
ular reactor incased by a furnace. Liquid and gas feed 
lines enter the reactor. Downstream of the reactor 
are the condenser and the product collection vessels. 
The furnace, reactor, and condenser are located inside 
of a small explosion proof room. The feed and collec-
tion points and controllers are located on a panel out-
side of the explosion barrier • 
Furnace and Temperatu.;:e Controller (Manufacture's man-
uals available) 
The tube furnace consists of three zones of heat-
ing filaments surrounded by ceramic insulation. The 
total heating compartment is 36 inches long by three 
inches in diameter. The middle zone is 24 inches long 
and the two outer zones are each six inches long. 
(Refer to Figure 2 for details of the furnace.) 
The on-off temperature controller uses a thermo-
couple, located at the center of the mid_dle zone, to 
sense the temperature of the furnace. The set point 
temperature is indicated by the adjustable red needle 
on the indioator face; the actual temperature of the 
thermocouple is recorded by the black needle. By turn-
ing the three power knobs from zero to ten, the power 
input to each zone can be varied from 50 to 100 per 
cent. Different temperature profiles along the 
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furnace can be created by varying the power settings. 
Because a flat temperature gradient is desirable for 
the isothermal study of the mildly exothermic isom-
erization reaction, the ends of the furnace have been 
plugged with glass-wool to eliminate draughts. An 
increasing temperature gradient from the bottom to the 
top of the furnace can be obtained by removing the 
glass packing, With such a gradient, exothermic reac-
tions can be investigated, 
The furnace will come to any desired temperature 
within ten minutes, but due to the high capacity of 
the reactor tube, it requires approximately one-and-
a-half hours for the system to come to steady-state 
temperature. 
All the power settings should be on #10 during 
heat up. After the reactor reaches the desired tem-
perature, as indicated by the temperature recorder, 
the following power settings should be established: 
Zone #1, setting 2; Zone #2, setting 4; and z.one #":J, 
setting 10. These settings appear to give the flat• 
test temperature gradient. 
The maximum operating temperature of the furnace 
is 1850 °F. However, the reactor sheathing contains 
a copper-aluminum eutectic that melts at approximately 
950 °F. Therefore, the furnace and reactor should 
not be operated above 900 °F. 
Multipoint Temperature Recorder 
9 
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available) 
• ! . ,/ 
• ' , I • 
') :_ifJf'l'LU'i 
'' i I l'f I '1 .j I'.. . • • i 1·· i r ' 
.,-. I j .~ :" l ) '~ /',. • \ .' ,• · • •• • : I ·1 c, '.' nu:1·;: ,, fr .. ,;· 1 ,_;1,,h.:i,;.L .,11.J 
l.' .. •J.'L ::'.1 '•'.l .i·"· :;,; 00\1,-,·.::;;,f_•J, ,'.J.il'\ t,C;· . .-.\.111: 
i '.:, 
J;; 1 :·.· ': •_) 
~ • _; •'. I • -, 
,·' ·., . : ,_ .. '. . ·., '.'') (.: ·' 
• t I I 
I : :1 ! ,.:, I ,_I'~ '. : ; 1, f 
,· ''. l "\ .. , 
, ,,,,,_; :: ·:·,;.1 . • : .,. · I 
't· I 
'• 
', I J., ,', 
- .' _i ,,1 '1 , 
1},; I 1."' 
··,.I; ,•( '\ 
, •, .: .! r. ·: '..)\.' • 
"1 . ) 
: r ·, i: 
..ll ,. I' 
I r •; I,.. '•;i' 
·, .' J 1_· I. 
1 · , .i , :; • ·: , ) r 
·r .·, •::i.i .. , 
-•·I: 
t ' I < ~ . ·.r ' ' ' I . I : / 
! ;• ! : ,; 
. j 
" 
._· l j -· 
I J .', C, J :. c, :. 
•;:, ···:~~.,."' ~J'' ·.t l J .... ·,:·' ·> 
. ' I< ' 
' . ; ',Ir , '. I i "• 1 ~':,: 1 ..:. ~ . .':,; ' ,; I J 
' . .i ; '. ,_,;' J' t.'. ,;",.' .. · :-., 
_I ,_;··_;1~;:·'., ·.i.u\r·:·.:..r.·~ 1.;···:. r~:·}J.~ :.,.,.·.:·t··:·:~J..r~.i 0r.:i· ,f:·ro"~!t··J~:-j_j,i','.' .··~:., ()1:.~e 
.I..:-~.U. - ·t;~·1 •• 1 · :~:r ;J J- ~J.i: ·1.i.(1, i.[::_ .. /:;) 
( el.n.t, J:1:.<:J,· 
e 
Y. 
'I 
,' 
,,, 
The temperature recorder is capable of recording 
twelve thermocouple outputs, The system requires only 
six iron-constantan thermocouples. A dot i~ printed 
as the recorder looks at each thermocouple in turn. 
At slow chart speeds, the dote appear as a continuous 
line, The six lines corresponding to the six thermo-
couples a.re individually colored and numbered, The 
temperature range of the recorder can be changed by 
inserting different range cards and chart papers. 
The range cards and chart papers, presently available, 
are for 400 to 800 °F; 500 to 1200 °F; and zero to 
800 °F • 
The dampening and gain can be adjusted if neces-
sary. Reference to the manual is recommended when 
making such adjustments. 
The chart paper can be run at six or thirty inches 
per hour. Six inches per hour is recommended for the 
isomerization reaction. Inside the chassis, there is 
an on-off switch for the recorder. However, this switch 
is usually left on, and the recorder turned off by an 
external wall switch. 
An important feature of the recorder is an alarm 
system. A switch is activated if a:ny one of the ther-
mocouple readings is above a set temperature. In this 
system the alarm is used to activate a solenoid switch 
that controls the power supplied to the furnace and 
liquid pump. At the present time, the alarm is set 
for 800 oF, 
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Reactor Tube· and Packing 
The reaction chamber consists of a 48 inch length 
of one inch, schedule 40, type 316 stainless steel 
pipe. The flanges are 900-pound weld-neck flanges 
of type 316 stainless steel. Copper gaskets are used 
between the flanges. 
Aluminum is cast around the reaction tube to 
bring the outside diameter close to the three inch 
inside diameter of the furnace. (Refer to Figure 2 
for a diagram of the reactor.) Boiling chips are used 
to fill the reactor above and below the catalyst bed. 
The catalyst bed consists of 100 cubic centimeters of 
Linde SK-120 isomerization catalyst. Six individual 
iron-constantan thermocouples are inserted into the 
one-quarter inch thermocouple well at the relative 
distances indicated in Figure 2. The thermocouples 
are arranged to the desired lengths and inserted into 
the well as a bundle. The well runs through the center 
of the reactor packing. 
Catalyst (Manufacture's literature available) 
The isomerization catalyst is produced by Union 
Carbide, Linde division, under the name of SK-120 
iaomerization catalyst. The catalyst consists of a 
molecular sieve support to which the active metal 
palladium is chemically bonded. To be activated, the 
catalyst must b~ in the presence of hydrogen. 
One-hundred cubic centimeters of the catalyst 
11 
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are in the reactor, The cylindrical catalyst pellets 
have a length and a diameter of one-eigh1hinch, The 
bulk density of the catalyst is 46,2 pounds per cubic 
foot. The catalyst has a surface area greater than 
550 square meters per gram • 
The ranges of operating conditions for this cat-
alyst are 500 to 1000 °F, and 200 to 500 pounds per 
square inch, gauge. 2 In the middle of this range the 
conversion of n-hexane to isohexanes and isopentanea 
is approximately 99 per cent of the equilibrium con-
version. The catalyst can also be used for alkylation 
and other reactions, 3 
High Pressure Rotametere. (Manufacture's calibration 
curves available) 
Both the liquid and gas flowmeters have an upper 
pressure limit of 3,000 pounds per square inch, gauge. 
Two floats, one of pyrex glass and the other of stain-
less steel, are used to increase the flow ranges of 
the rotameters. The gas rotameter has the following 
range for air at standaru conditions: Black Ball 8 
to 80 cubic centimeters per minute; Stainless Steel 
Ball 23,7 to 273 cubic centimeters per minute. Like-
wise, the liquid rotameter has the following range 
for water at 60 °F and atmospheric pressure: Black 
Ball 0,72 to 7,2 cubic centimeters per minute; Stain-
less Steel Ball 2,0 to 20.0 cubic centimeters per min-
ute, The tubes are graduated in millimeters with a 
scale length of 150 millimeters. The gas and liquid 
12 
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flowmeters contain Matheson #601 and #602 tubes, re-
spectively. Calibration curves for the gas rotameter 
are included in the section on operation. 
Tubing and Fittings 
The tubing attached to the reactor ie type 316 
stainless steel. All other tubing in the pilot plant 
is type }04 stainless steel. The tubing is seamless 
with a one-quarter inch outside diameter and a 0.049 
inch wall thickness. Swagelock fittings are used 
throughout. 
Safety Relief Valves 
Safety relief valves are located in the liquid 
feed line immediately downstream from the liquid pump 
and in the gas stream between the reactor and the check 
valve. The valves contain rupture disks designed to 
hold pressures up to 750 pounds per square inch, gauge, 
for the gas valve,and 1260 pounds per square inch, 
gauge, for the liquid valve. The liquid safety relief 
valve vents through one-quarter inch stainless steel 
tubing into a collection bottle. The gas safety valve 
vents out of the building through one-half inch copper 
tubing. 
Spare disks are on hand. When replacing the rup-
ture disks, the whole relief valve should be removed 
from the system by breaking the end Swagelock fittings. 
The valve is then opened at the large middle set of 
threads, and the new disk inserted with the dome 
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pointing away from the high pressure. 
Wiring and Alarm 
The temperature controller and furnace are wired 
to a twenty-amp., 220-volt line. The temperature rec-
order and pump operate on 110 volts. 
The alarm system in the temperature recorder activ-
ates a solenoid switch located in the power lines to 
the furnace and pump, Normally, the solenoid switch 
is closed. When the temperature in the reactor passes 
800 °F, the alarm is activated, the solenoid opens, 
and the pump and the furnace are automatically turn-
ed off. 
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v. OPBRA:TION 
Figure 3 is a drawing of the control panel. The 
valves are numbered both in the drawing and on the 
actual panel. 
Operating Conditions 
A set of operating conditions should be selected 
that are within the allowable limits of the system. 
The Linde molecular sieve catalyst is active over 
temperatures from 500 to 850 °F and pressures va-ry-
ing from 200 to 500 pounds per square inch, gauge. 
Maximum conversion occurs near the middle of this 
range. The molar ratio of hydrogen to hydrocarbon 
should be between two and ten. 
Start Up 
Turn on the fans and lights inside the explosion 
barrier; the switches are behind the panel. The by-
pass on the back pressure regulator (valve 9) is opened. 
The system is now at atmospheric pressure. Nitrogen 
is then swept through the system to purge any oxygen. 
To accomplish this purge, the gas feed valves 
(valves 1,2, and 3) are closed. The nitrogen tank 
is then turned on, and the regulator is adjusted to 
several pounds of pressure. With the small valve on 
the regulator open, and the needle valve gently closed, 
the nitrogen inlet valve (valve 1) can be opened •.. The 
needle valve can then me slowly opened to allow 
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nitrogen to flow through the system. A rotameter 
reading of eight or nine on the black ball is ample 
during the purge. 
Cooling water should then be turned on. The 
valve is located inside the explosion room beside the 
furnace. The furnace and temperature recorder can 
be turned on during the nitrogen purge. The switches 
are located inside the wall box beside the panel. 
The control and power switches on the temperature 
controller are then pressed on. The red indicator on 
the temperature controller is set at the desired level. 
During heat up, the power settings to the three zones 
should all be set on number ten. It will require ap-
proximately one-and-a-half hours to come to the desired 
temperature. 
After purging for fifteen minutes with nitrogen, 
the nitrogen flow can be shut-off by closing valve 1 
and a purge with hydrogen begun. Valve 2 admits hy-
drogen into the system. The hydrogen is passed through 
the system in the same manner as was the nitrogen us-
ing a flow rate of three or four with the black ball. 
When the temperature of the reactor has reached 
the desired level, the power inputs can be changed to 
help maintain a flat temperature gradient throughout 
the reactor. Zone #1, setting 2; Zone #2, setting 4; 
z;one #'3, setting 10 give good control. 
The system can now be brought up to the operating 
pressure. The back-pressure bypass is closed (valve 9) 
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and valve 10 is opened. The pressure will rise in the 
system until the back pressure regulator opens. Adjust 
the back-pressure regulator until the desired pressure 
is reached. 
Several hundred milliliters of n-hexane can be 
charged into the system. Check to see that valve 3 
is closed. Then open the bleed valve on top of the 
liquid feed cylinder to release any pressure in the 
cylinder. Unscrew the whole plug and pour the liquid 
into the cylinder. After replacing the plug and clos-
ing the pleed valve, open valve 3 to allow nitrogen 
to pressurize the feed tank to a pressure of about 
twenty-five pounds per square inch, gauge. The system 
is now ready to run • 
Sample Run 
The hydrogen flow is set to the desired value 
with the needle valve located just under the gas rota-
meter. Figure 4 is a callibration curve for the gas 
rotameter. Check the pressure and temperature to be 
sure that these are at the desired values. Valve 4 
is opened before turning on the liquid pump. The 
pump is switched on and set to the desired liquid flow 
rate. Each side of the pump has a maximum flow rate 
of 160 cubic centimeters per hour, The vernier marks 
on the adjustment knobs are in percentages of the 
total flow • 
When the liquid reaches the reaction zone, a tem-
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perature disturbance can be noted. After operating 
for a half hour, the first cut of product can te taken 
\\\ off. Slowly open valve 5 and listen until gas starts 
·\. 
;11 
,, 
,,,, 
"' 
'' 
'' 
to blow through the valve. Then quickly shut the 
valve. The product can then be drawn off into a beak-
er by opening valve 6. The same procedure applies 
to the dry ice collection vessels. The first cut should 
be discarded. Allow the system to run for fifteen 
minutes or until five or ten milliliters of product 
have again collected in the cylinders. Then draw this 
product off and save it in a closed bottle to be an-
alyzed. 
The operating conditions can be changed for another 
run, or the system can be shut down. Changes in the 
liquid or the gas-flow rates and the pressure require 
only ten to fifteen minutes to stabilize. Changing 
the temperature may require an hour to come to a steady 
state. 
Shut Down 
Turn off the pump and shut valve 4. Turn off the 
temperature controller and recorder. Shut off the 
hydrogen flow. Slowly open valve 9 to reduce the system 
pressure to atmospheric pressure. Then bleed with 
nitrogen for fifteen minutes as during start up. 
,'.:;· 
.ij Finally close all valves (valves 1,2, and 9) and turn 
:~l off the hydrogen and nitrogen tanks. Turn off the fans 
~'1 )[~ 
,;; : and inside lights and cooling water. 
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Analysis of the Product 
Analyaie of the product was made with a Beckman 
GCl gas chromatograph. Thie instrument has a Di-n-
butyl Maleate column and operates at 40 degrees Cen-
tigrade. The liquid is injected into the column with 
~i. a Beckman 22400 hypodermic needle, It is suggested 
. I 
that the instructions on the use of the chromatograph 
and injection needle be read before attempting to use 
the instruments. The following settings have been 
found to give satisfactory separation and analysis 
of the product. 
Liquid sample size 
Gas pressure 
Milliamps 
0.02 milliliters 
50 psig 
250 
The helium carrier gas should be turned on at 
fifty pounds per square inch, gauge, for at least two 
hours before analysis is started. The six-volt batter-
ies should be kept charged to insure a constant base 
line. 
It requires approximately forty-five minutes to 
analyze one sample. The compounds separate in the 
following order (last out to first out of the chromato-
graph) n-hexane, 3-methylpentane, 2-methylpentane and 
2,3-dimethylbutane (one peak), 2,2-dimethylbutane, 
1 
n-pentane, isopentane, n-butane, isobutane, propane • 
The peaks can be identified by comparing the output 
to standard samples or by their order of appearance. 
A standard way to analyze the chromatograph trace 
for hydrocarbon mixtures is to let the amount of each 
21 
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compound oe proportional to its area under the peak • 
Dividing individual areas by the total area yields the 
individual molar percentages. The areas can be approx-
imated by multiplying the peak heighth by the peak 
width, taken at one-half of the peak heighth. 
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VI. MAINTENANCE 
For a;ny internal adjustments or maintenance of 
the equipment, the manufactures' operation manuals 
should be consulted, if available. Check the section 
"Description of the Equipment"· in this report to see 
if there is any company literature accompanying that 
piece of apparatus. 
When changing the reactor, first break the Swage-
lock connections closest to the flanges, pull out the 
thermocouple wires, and open the furnace. The bottom 
of the reactor can then be pulled out, and the entire 
unit removed. Care must be exercised because the reac-
tor weighs approximately eighty pounds. 
After breaking and resealing any connection, it 
is important to check that joint for tightness. It 
is suggested that the system be pressurized to 500 
pounds per square inch with nitrogen before applying 
SNOOP leak detector around the joint. 
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VII. EXPERIMENTAL R~ULTS 
Ten runs were made and analyzed. The Catalyst 
was activated prior to run one by maintaining the re-
actor at 800 °F for eight hours while purging with hy-
qrogen. Before subsequent rune, the reactor was first 
purged with nitrogen and then with hydrogen during heat 
up. The operating conditions were selected at random, 
within the range of recommended operating conditions. 
The operating conditions, product compositions, 
and percent conversions are listed in Table I. A Beck-
man GC-1 gas chromatograph was used to analyze the pro-
duct. The different compounds were identified by com-
paring the order and the relative size of the chromato-
graph peaks with results stated in article 2, Table II. 
A sample chromatograph print-out and a temperature his-
tory of a run are attached in the Appendix. 
Near-equilibrium conversion, 77.3% and 77.6%, was 
obtained on runs two and five. The high temperatures 
of runs two to five, eight, and nine of 600 °F to 700°F 
tended to increase the conversion. Runs one, six, and 
seven of the lower temperatures, 500 °F to 560 °F, had 
much lower conversions. Operating at the higher tem-
peratures did cause more cracking. During run two,at 
600 °F, 0.81~ n-pentane and 1.67% isopentane were pro-
duced. At 700 °F, 9.28% n-pentane and 11.42% isopen-
tane were produced (run five). 
Increasing the pressure from 300 to 500 pounds 
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per square inch, gauge (runs two and four) tended to 
decrease the yield, but increasing the pressure from 
200 to 250 pounds per square inch gauge increased the 
yields (runs six and seven). Therefore, the optimum 
operating pressure appears to be between 300 and 400 
pounds per square inch, gauge • 
The conversion tended to drop off during the latter 
runs and especially during run ten. The last run was 
made after a prolonged shut down, during which time the 
system was filled with nitrogen. It is recommended 
f o)r best conversion that the catalyst be maintained 
in an atmosphere of hydrogen rather than nitrogen. If 
nitrogen is allowed into the system, the system should 
be purged for several hours with hydrogen at 800 °F 
before the liquid feed is introduced. 
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TABLE I 
PRODUCT DISTRIBUTION IN HEXANE ISOMERIZATION 
Run# l 2 3 4 5 6 
Temperature, OF 500 600 660 600 700 560 
Pressure, psig. 300 300 300 500 500 200 
Liq. Flow, cc/hr. 160 96 128 48 96 96 
Gas Flow, SCF/hr. l.78 l.78 2.60 2.50 2.84 1.70 
Gas/Liquid ratio 1.74 2.90 3.18 8.15 5.29 2.75 
n-Hexane 70.80 22.10 30.40 41.50 22.40 80.00 
3-Methylpentane 10.20 19.80 16.20 18.40 16.90 4.35 
2-Methylpentane & 17.40 37.30 28.80 33.50 28.80 8.98 
2,3-Dimetbylbutane 
2,2-Dimethylbutane 1.50 14.00 4.28 3.90 6.62 0.54 
n-Pentane 0.40 0.81 3.21 0.54 9.28 1.50 
Isopentane 0.40 1.67 6.45 0.96 11.42 2.01 
n-Butane - 0.73 3.20 0.48 2.74 1.00 
Isobutane 
-
1.60 4.76 0.59 1.15 1.26 
Propane - 1.37 2.62 0.46 - 0.81 
% Conversion 29.2 77.3 69.6 58.5 77.6 20.0 
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